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Significance of Cometary Compositions: Comets
are volatile-rich small bodies lacking gravitational heat-
ing and so contain a relatively well preserved composi-
tional record of icy solar system material dating to their
formation [1, 2]. Unambiguous diversity in volatile
(ice) compositions is well established, even among a
limited number of comets. This was first observed
through measurements of product species (radicals) at
optical wavelengths, in a sample of now over 200 com-
ets [3, 4], and more recently by systematic measurement
of 8 — 10 distinct ices contained in their nuclei (these are
referred to as “native” ices), through use of IR (and mil-
limeter/sub-millimeter) spectroscopy [5]. When sub-
limed through solar heating, native ices release parent
volatiles (parent molecules) into the coma.

In addition to compositional diversity among com-
ets, a fundamental question is the extent to which indi-
vidual cometary nuclei may contain material with het-
erogeneous native ice composition. If seen, this sug-
gests the nucleus as a conglomeration of cometesimals
formed in diverse regions of the proto-solar nebula, or
at least containing ices exposed to a variety of condi-
tions. This in turn could also imply differential pro-
cessing of ices prior to their incorporation into the nu-
cleus, for example in the interstellar cloud out of which
our solar system formed. Observationally, heterogene-
ous composition may be revealed over the course of a
nucleus rotation, with different active regions contrib-
uting to or even dominating the overall gas production
as they become exposed to direct sunlight.

Results and Implications: We report pre-perihe-
lion H20 production rates, and abundance ratios relative
to H20O for eight trace volatiles (CO, CH4, C2Hs, H2CO,
CH;0OH, C:Ha, HCN, and NHs3) in long-period comet
C/2013 V5 (Oukaimeden) [6], which passed perihelion
on 2014 Sep 28 at heliocentric distance Rn = 0.625 AU.
Our high-resolution IR (A between 2.8 and 5.0 pm) ob-
servations with Keck 2/NIRSPEC and IRTF/CSHELL
revealed (1) most parent volatile abundances were de-
pleted relative to their respective median values among
comets, and (2) most significantly, dramatic changes in
abundance ratios of CH3OH and (especially) C2Hs on
successive dates (Figs. 1 and 2). This heterogenous
composition of native ices in Comet Oukaimeden could
indicate differing degrees of processing experienced
prior to their incorporation into the nucleus.
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Fig. 1. Upper panel: Water production rates from
NIRSPEC (Sep 05/06) and CSHELL (Sep 11-13)
observations of C/2013 V5. Lower panels: Abundance
ratios (and +lo uncertainties) in percent relative to
Q(H:20), showing increases for C:He¢ and CH3;OH.
Dark-shaded regions indicate maximum measured
abundances among comets, light-shaded regions
indicate minimum measured abundances (the value for
CH3OH is a 36 upper limit), and unshaded dashed lines
are median abundances among comets with dotted lines
indicating +1c uncertainty values.
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